A 62-year-old woman complained of repeated hypoglycemic events. A 75g oral glucose tolerance test (75 gOGTT) showed a marked increase in the plasma insulin level and impaired glucose tolerance. The patient exhibited a high titer of plasma anti-insulin autoantibodies. Her diagnosis was insulin autoimmune syndrome (IAS). Following the cessation of loxoprofen-sodium (LOXs), she experienced no further hypoglycemic episodes. However, the hypoglycemic attacks recurred following the accidental readministration of LOXs in an adhesive skin patch. Considering the changes in the titer of anti-insulin autoantibodies, the repeated 75 gOGTT and the repeated Scatchard analysis, we determined LOXs to be the cause of the IAS and evaluated the characteristics of the autoantibodies. 
A 62-year-old woman visited our hospital in April 2009. Her symptoms included repeated faintness, hunger, sweating, palpitations and finger tremors before lunch time. On the patient's first visit, her blood glucose level was 62 mg/ dL and her symptoms disappeared quickly after receiving an intravenous glucose injection. At that time, the symptoms were suspected to reflect hypoglycemic episodes. A few days later, a 75g oral glucose tolerance test (75gOGTT) showed a marked increase in the plasma insulin level and impaired glucose tolerance (Table 1 : Onset of hypoglycemia). The plasma insulin level at 120 minutes was 2,995 μU/mL, which was more than 100 times the level observed at the time of the 75gOGTT before the administration of loxoprofen-sodium (LOXs) ( Table 1 : Before hypoglycemia). The patient's past medical history included appendicitis at 20 years of age and sudden onset of deafness at 50 years of age. She denied having a history of a diagnosis of diabetes or receiving insulin therapy in the past. She had taken only eperison hydrochloride, rebamipide and LOXs since February 2009.
Her physical findings were as follows: height: 152 cm, weight: 64 kg, body mass index (BMI): 28 kg/m 2 , blood pressure: 130/80 mmHg. No abnormal findings were observed in the chest, abdomen or extremities. The postprandial laboratory data obtained on another day were as follows: plasma glucose: 55 mg/dL, HbA1c (NGSP): 5.5% (1), plasma C-peptide: 1.33 ng/mL, plasma insulin: 242 μIU/mL, plasma glucagon: 150 pg/mL, total cholesterol: 275 mg/dL, HDL-C: 75 mg/dL, LDL-C: 75 mg/dL, triglycerides: 176 mg/dL, cholinesterase: 538 IU/L (normal range: 185-431). The titer of anti-insulin autoantibodies was 90% (<7.0). A Scatchard plot analysis identified two classes of binding sites. One site had an affinity constant (K1) of 0.0422×10 8 
M
-1 and a binding capacity (B1) of 13.1×10 -8 M (high affinity/low capacity site) and the other had an affinity constant (K2) of 0.00203×10 8 M -1 and a binding capacity (B2) of 36.7×10 -8 M (low affinity/high capacity site). The results of the Scatchard analysis matched the features of IAS; however, the diagnosis was not well grounded because the The levels of plasma glucose, insulin, C-peptide were determined before and 2-hours after each meal, and at bedtime in the beginning of May, 2009. The disproportion between the levels of plasma glucose, insulin and C-peptide seemed to indicate the existence of insulin antibodies and resistance to insulin action. The hypoglycemic response occurred during the late postprandial period. On the plasma samples from 75gOGTT performed in December 2009, free insulin to total insulin ratios (F/T ratio) was calculated. The F/T ratio is much less than 100%, so we can confirm the existence of anti-insulin antibody.
analysis was performed using iodine labeled-swine insulin.
The levels of plasma glucose, insulin and C-peptide were determined before and two hours after each meal and at bedtime in the beginning of May ( Table 2 ). The discrepancies between the levels of plasma glucose, insulin and Cpeptide indicated the existence of anti-insulin autoantibodies and insulin resistance. The fact that the patient complained of hypoglycemia occurring at lunch time and late evening around 16:00 o'clock corresponded to the low pre-meal plasma glucose level (Table 2: 12:00, 18:00). The hypoglycemic episodes appeared during the late postprandial period.
The free insulin to total insulin ratio (F/T ratio) was calculated in the plasma samples for the 75gOGTT performed in December 2009 (Table 3 ). The F/T ratio was significantly less than 100%; therefore, we confirmed the existence of anti-insulin autoantibodies. Human leukocyte antigen (HLA) DRB1 typing showed a DNA sequencing pattern of DRB1 * 0406 * 090102, DRB1 030201 * 030302, DQA1 030101 * 0302. A diagnosis of insulinoma was ruled out based on the findings of abdominal ultrasound and computed tomography.
Considering the above findings, the patient was diagnosed with IAS.
As IAS is usually associated with medication use, all medications, including LOXs, were discontinued in the beginning of May, 2009. On the same day, the patient began taking an α-glucosidase inhibitor (acarbose, 300 mg/day) prior to each meal and continued this medication until August.
One month after the cessation of all medications, the patient was almost free from hypoglycemic episodes. Her glucose tolerance in June 2009 was normal (Table 1: One month after the first cessation of LOXs), and the titer of anti-insulin autoantibodies was decreased (Fig. 1) . Accidentally, an adhesive patch of LOXs was re-prescribed by a neighboring clinic for shoulder pain in the beginning of October, 2009. In November, several hypoglycemic episodes recurred. The patient's glucose tolerance again deteriorated and the titer of anti-insulin autoantibodies again became ele- (Fig. 2) . The hypoglycemic symptoms and elevated anti-insulin autoantibodies recurred after the reuse of LOXs.
Following the discontinuation of the LOXs adhesive patch, the patient's hypoglycemic episodes completely disappeared. 75gOGTTs performed in December 2009 and January 2010 indicated that her glucose tolerance had im- proved (Fig. 2) . A Scatchard analysis of anti-insulin autoantibodies was performed using 125 I-human insulin and the patient's serum obtained in November and December 2009 and January 2010. The analysis revealed that the anti-insulin autoantibodies had a low affinity constant and a high binding capacity. The affinity constant (K1) of the anti-insulin autoantibodies decreased to approximately one-tenth and the binding capacity (B1) decreased to approximately one-third (Fig. 3) . The quality of the anti-insulin autoantibodies appeared to change in association with decreases in the titer.
Discussion
Insulin autoimmune syndrome (IAS) is characterized by hypoglycemic episodes, an elevated plasma insulin level and positive anti-insulin autoantibodies without previous exposure to exogenous insulin. The first case of IAS was reported by Hirata et al. in 1970 (2) . Most reported IAS cases have been related to medications containing the sulfhydryl (SH) group (3). In addition, a strong association has been reported between IAS and HLA-DR4 (4). IAS is the third leading cause of spontaneous hypoglycemia in Japan (5). We herein described a case of IAS possibly triggered by LOXs, both in oral medication and adhesive patch form. To the best of our knowledge, only two cases of IAS related to LOXs have been reported (6, 7). Kishikawa et al. (6) reported the clinical course of a patient with a marked increase in the plasma insulin level without a history of insulin injection, a high titer of anti-insulin autoantibodies and positive drug-induced lymphocyte stimulation test (DLST) results. That patient did not possess the HLA-DR4, but rather the HLA-DR6, phenotype (6). Ninomiya et al. (7) reported the case of an IAS patient diagnosed based on the clinical course of a marked increase in the plasma insulin level without a history of insulin injection, a high titer of anti-insulin autoantibodies and the presence of the HLA DRB1 * 0406 phenotype, which is strikingly associated with IAS (4). However, their patient exhibited negative DLST re-sults (7).
In our case, the return of symptoms and re-elevation of the autoantibody titer following the accidental readministration of LOXs (Fig. 1) convinced us that LOXs was the cause of the IAS. DNA typing showed that our patient had HLA-DRB1 * 0406; however, the DLST results were negative. Our case indicated that IAS can be triggered by LOXs regardless of the form of medication and is not related to the existence of the SH group in the medication or its metabolites. In this case, positive DLST results were not needed to determine the causative drug for the development of IAS. In cases of IAS, the patient's medications should be examined carefully; adhesive patches can be easily overlooked. With the adhesive patch, the medication is significantly absorbed through the skin, thus provoking an immune reaction. If the medication does not have an SH group, then all medicines should be discontinued as soon as possible and a close follow-up of the course of symptoms should be provided.
The deterioration of the patient's glucose tolerance on 75 gOGTT was strongly correlated with the exacerbation of the IAS state (Table 1 ). The plasma glucose and insulin levels at 120 minutes of 75gOGTT reached their peaks during the LOXs periods (! and " in Fig. 2 ) when the titer of antiinsulin autoantibodies also reached a peak of 90% (! and " in Fig. 1) . Following the discontinuation of LOXs, the titer decreased (Fig. 1) , and the episodes of hypoglycemia disappeared. The plasma glucose level at 0 minutes of the 75gOGTT was a partial mirror image to that observed at 120 minutes (Fig. 2) .
These findings can be explained by the characteristics of anti-insulin autoantibodies in patients with IAS. Y. Eguchi et al. reported that the autoantibodies can bind large amounts of insulin promptly and dissociate from the insulinautoantibody complex when the concentration of the serum insulin increases (8). Nasu et al. reported that the autoantibodies immediately bind to insulin secreted from the pancreas and mask the bioactivity of insulin in the early postprandial period, while the free insulin dissociated from the insulin-autoantibody complex exerts its intrinsic glucose lowering effects in the late period (9) . Furthermore, in the Scatchard analysis in our case, the characteristics of the autoantibodies changed as the titer decreased. The values of K1 and B1 decreased in association with the progression of IAS (Fig. 3a, b, c) . As the characteristics of the autoantibodies changed and the titer decreased, the patient's impaired glucose tolerance improved, the amount of insulin secreted from the pancreas decreased and the episodes of hypoglycemia disappeared.
The mechanism by which the discontinuation of LOXs reduces the titer and changes the characteristics of autoantibodies remains unclear. However, both the reduction of the titer and the changes in the characteristics affect the morbidity of patients with IAS.
We herein described the first case of IAS triggered by LOXs in both oral medication and adhesive patch form. Our cases indicates that clinicians should not ignore any medications, in any form, when seeking the causal agent of IAS.
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